Purpose The correlation between anterior cruciate ligament (ACL) condition and patella osteoarthritic (OA) changes has not been well reported. The aim of this study was to reveal the correlation between ACL deterioration and the morphology of OA changes in the patella. The hypothesis was that significant correlation between ACL deterioration and patella OA morphology would be revealed in this study. Methods Two hundred ninety-one cadaveric knees from 151 cadavers were included in this study with a median age of 83 years (54-98). Knees were opened with a sub-vastus approach and the ACL condition was classified as intact or deteriorated. Patella OA lesions were classified using Han's method: type 1, no or minimal lesion; type 2, medial facet lesion without involvement of the ridge; type 3, lateral facet lesion without involvement of the ridge; type 4, lesion involving the ridge only; type 5, medial facet lesion with involvement of the ridge; type 6, lateral facet lesion with involvement of the ridge; and type 7, global lesion. OA depth evaluation was performed following Outerbridge's classification. Statistical analysis of the collected data was performed using generalized estimating equations (GEE). Results The ACL was intact in 277 knees and deteriorated in 14 knees. Patella OA lesions were observed as follows: type 1, 29 %; type 2, 15 %; type 3, 2 %; type 4, 12 %; type 5, 18 %; type 6, 2 %; and type 7, 22 %. Outerbridge's classification of over grade 2 OA depth was observed in 73.5 % of subjects. When patella OA was divided into types 1-4 and types 5-7, ACL deterioration was correlated with the occurrence of type 5-7 patella OA [OR 6.44, 95%CI 2.27-18.25, p =0.000]. When patella OA was divided into types 1-6 and type 7, ACL deterioration was correlated with the occurrence of type 7 patella OA [OR 6.02, p =0.000]. When patella OA depth was divided into grades 1-3 and grade 4, ACL deterioration was highly correlated with the occurrence of grade 4 patella OA [OR 9.31, p =0.025]. Conclusion ACL deterioration is a strong risk factor of wider and deeper OA changes in the patella. For clinical relevance, subjects with ACL tear should be aware of the progression of patella OA.
Introduction
It is believed that anterior cruciate ligament (ACL) dysfunction can be a cause of patello-femoral (PF) osteoarthritic (OA) changes [1] [2] [3] [4] . PF-OA is one of the most severe causes of knee pain in the elderly population [5] [6] [7] . Once PF-OA occurs, patients develop anterior knee pain and sometimes have difficulty using stairs or bending the knees at deep flexion angles [5, 6, 8] . Several reports have revealed that PF-OA progresses after an ACL tear. The reported prevalence of PF-OA progression after ACL tear is 13-28 % [9] [10] [11] [12] . Even after ACL reconstruction, PF-OA progression has been reported in short to mid-term follow-up periods [10, 11] . However, many reports of PF-OA after ACL tear or reconstruction include follow-up data of less than 20 years [10] [11] [12] [13] [14] [15] [16] [17] [18] , and the evaluation of PF-OA in elderly subjects without ACL function has not been well investigated. Moreover, although tibio-femoral OA changes have been well described in previous reports [19] [20] [21] [22] , reports on the morphology of PF-OA are rare [5, 6, 23] . In particular, structural changes in the patella have not been well reported [5] .
The objective of this study was to reveal the correlation between ACL condition and the morphology of OA changes in the patella. The hypothesis was that significant correlation between ACL deterioration and patella OA morphology would be revealed in this study.
Materials and methods
Two hundred ninety-one knees from 151 cadavers of the Japanese population were evaluated in this study (formalin fixed, anatomical specimens). The median age was 83 years (range, 54-98). Of the 291 knees, 148 were female, and 143 were male. Knees were opened with a subvastus approach.
Evaluation of ACL condition
With careful dissection, synovial tissue around the ACL was resected. To evaluate the ACL condition macroscopically, knees were deeply flexed and the tension was evaluated with a steel probe. The antero-medial (AM) and postero-lateral (PL) bundles were divided according to their difference in tension patterns during knee range of motion, and their insertion sites were identified. With the knee at 90°of flexion, the taut ACL fibers were regarded as the AM bundle, and the relaxed fibers were regarded as the PL bundle. ACL condition was classified as (1) intact, (2) partial tear or deterioration of the AM bundle, (3) partial tear or deterioration of the PL bundle, and (4) complete tear or deterioration.
Evaluation of patella OA lesions and depth
The patellar cartilage was assessed by the location and depth of OA lesions. The location of the OA lesion was classified according to the involvement of the medial facet, lateral facet, and the central ridge, previously reported by Han et al. [5, 6, 24] . This classification contains seven types of lesions: Type 1, no or minimal lesion Type 2, medial facet lesion without involvement of the ridge Type 3, lateral facet lesion without involvement of the ridge Type 4, lesion involving the ridge only Type 5, medial facet lesion with involvement of the ridge Type 6, lateral facet lesion with involvement of the ridge Type 7, global lesion In this classification, Types 1-4 can be considered as isolated OA lesions of the medial, ridge, or the lateral facet in the patella. Types 5 and 6 can be considered as combined OA lesions of two facets in the patella, and type 7 is global OA lesion.
Depth was determined using Outerbridge's classification [25] . Grading was as follows:
Grade 1, normal cartilage or softening and swelling of the cartilage Grade 2, partial-thickness defect which did not reach the subchondral bone and was less than 1.3 cm in diameter Grade 3, partial-thickness defect which did not reach the subchondral bone and was more than 1.3 cm in diameter Grade 4, exposed subchondral bone and visible reactive tissue formation When there were multiple lesions of different Outerbridge's classification grades, the sizes of the lesions were added up. Lesions with degenerative changes more severe than Outerbridge's classification grade 2 were regarded as OA lesions.
Statistical analysis
Generalized estimating equations (GEE) were performed to reveal the correlation between ACL condition and patella OA type, and ACL condition and patella OA depth. Collected data were analysed using SPSS for Windows, version 19.0 (SPSS Inc., Chicago, IL, USA) software. Values were considered significantly different at p <0.05.
Results

ACL condition
The ACL was intact in 277 knees and completely deteriorated in 14 knees. No partial tears of the ACL were observed in this study. Table 5) .
Discussion
The most important finding of this study was that ACL deterioration was significantly correlated with the occurrence of wider and deeper OA lesions of the patella. In this study, the risk of global patella OA was more than six times greater in knees with ACL deterioration when compared to knees with intact ACL, and the risk of Outerbridge's grade 4 OA in the patella was more than nine times greater in knees with ACL deterioration.
In this study, femoral side OA evaluation was not included. This is because femoral side OA in the PF joint is strongly influenced by tibio-femoral OA [26, 27] . To eliminate the bias of other factors, only patella OA lesions were evaluated in this study. Although the data was not included, all knees with ACL deterioration had global and Outerbridge grade 4 OA on the femoral side in the PF joint. Although significant correlation between patella side and femoral side OA lesions and depth has been reported previously in studies using the same OA evaluation method [6, 22, 28] , further research including femoral side OA evaluation with statistical analysis is needed in future studies.
ACL dysfunction is considered to be one of the major risk factors of knee OA [1, 9, 14, 15, 17, 18, 29, 30] . When the ACL is injured, not only tibio-femoral OA, but also PF-OA progression is seen in long-term follow up [11, 23, 30] . In a recent systematic review, OA progression was reported in more than 50 % of subjects with ACL tears in a ten to 20 year follow up [9] . One possible cause of knee OA progression after ACL injury is the change in knee kinematics [3, [31] [32] [33] [34] . Neuman et al. [10] reported on the prevalence of PF-OA 15 years after ACL injury. In their report, 16 % of subjects with ACL tears exhibited PF-OA progression. Although injury and deterioration of the ACL are different, the pathophysiology of PF-OA in knees without ACL function, especially in the terminal phase of life, has not been well documented. In this study, 13 of the 14 knees with ACL deterioration had severe patella OA. A significantly higher prevalence of deep and wide PF-OA was observed in knees without ACL function than in knees with intact ACL. Several studies have tried to reveal the correlation between ACL condition and PF kinematics [3, [31] [32] [33] [34] . Hsieh et al. [3] reported that excision of the ACL resulted in a significant increase in lateral patella tilt and lateral patella shift. They mentioned that abnormal patella kinematics after removal of the ACL resulted from changes in the kinematics of the tibiofemoral joint. Hsieh et al. [31] also evaluated the PF contact area and pressure before and after ACL excision. After ACL excision, the PF contact area significantly decreased, and medial PF contact pressure also decreased at 30°of knee flexion. Shin et al. [32] reported on the in vivo kinematics of PF, and the contact area in ACL intact, ACL deficient, and reconstructed knees using magnetic resonance image based 3-dimensional PF knee models. They revealed that the patella tilt was altered, and that the patella shifted laterally due to ACL injury. In their study, ACL injuries reduced the PF contact area at both extended and flexed knee positions. Van de Velde et al. [34] suggested that the elongation of the patella tendon after ACL injury could be a cause of abnormal PF kinematics. Recently, Tajima et al. [33] reported the pressure difference in the PF joint before and after ACL reconstruction. In their study, ACL deficiency resulted in a significant decrease in the total and medial PF contact areas and in an increase in lateral PF contact pressure. Regarding the increase or decrease in contact pressure associated with ACL dysfunction, it is still unknown which of the two has a more negative impact on the progression of PF-OA. However, it is certain that the change of contact pressure and contact area induces abnormal pressure distribution in the PF joint, which is likely to result in PF-OA progression. Moreover, the change in PF kinematics after ACL injury might be influenced by the antero-posterior and rotational stability in the tibio-femoral joint [9] . Instability of the tibio-femoral joint after ACL injury might alter PF kinematics and could be a cause of PF-OA [33] . The above biomechanical studies are challenging and useful in revealing the pathophysiology of PF-OA and ACL dysfunction. However, most of these studies are time zero studies, which cannot reveal the long-term effects of abnormal PF kinematics and the occurrence of PF-OA. To evaluate the long-term effects of ACL dysfunction and the progression of PF-OA, a relatively large sample size of cadaveric knees was used in this study. Most of the knees with ACL deterioration in our study had global OA lesions with severe OA depth in the patella. Consistent knee instability due to ACL deterioration and resultant abnormal PF kinematics might be a cause of this condition.
The were limitations to this study. First, ACL condition, location and depth of OA were determined by macroscopic evaluation only. Although, the evaluation was performed by the well trained orthopaedic surgeons, and the same OA evaluation method has been previously reported [5, 6, 22, 26] , histological or radiographic evaluation should be performed in future studies. Second, only Japanese subjects were included in this study. Knee morphology and the incidence of OA might be influenced by differences in ethnicity [2, 20] , and therefore, knees of other ethnic groups should be evaluated in future studies. Third, only patella side OA was evaluated in this study. Because femoral side OA is strongly influenced by tibio-femoral OA [1, 21] , only patella OA was evaluated in this study in order to eliminate potential bias. For clinical relevance, ACL deterioration is strongly correlated with the prevalence of wider and deeper patella OA. This data is useful for the prevention of knee OA progression after ACL injury, and for the selection of knee surgery.
Conclusion
ACL deterioration is a strong risk factor of wider and deeper OA changes in the patella. Physicians should be aware of this when they treat subjects with ACL dysfunction in order to prevent the progression of patella OA and PF-OA.
of anterior cruciate ligament-deficient and -reconstructed subjects using magnetic resonance imaging. 
